Male dominated population of Indian catfish, Heteropneustes fossilis (Bloch) was produced through immersion and oral treatments with 17a-methyltestosterone (17a-MT). Two approaches were tested in immersion treatment. A group of fertilized eggs was exposed to a short duration treatment of 3 h with 17a-MT at 0, 50, 100, 150 and 200 µgl -1 and another group to a long duration treatment of 10 days at the same doses. A separate group of 3 days old hatchlings were fed with the hormone at 0, 5, 10, 15 and 20 mg kg -1 feed over a period of 28 days. Gonadal histology of the fishes 4 months post-treatment revealed significant (p<0.01) masculinising effect of 17a-MT both in orally and immersion treated groups over the control. Among orally treated groups, most significant (p<0.01) effect was observed in the group that received hormone @5 mg kg -1 feed where 92.27% males were produced as compared to 43.05% males in the control group. Highest rate of masculinisation (97.56%) was achieved in short term immersion in 100 µgl -1 followed by 96.29% in 50 µgl -1 , whereas, in long term immersion, it was 92.59% in 50 µgl -1 followed by 92.41% in 100 µg l -1 . There was no significant (p>0.05) difference between 50 and 100 µg l -1 concentrations in both short term and long term immersion treatments.
Indian catfish Heteropneustes fossilis is widely distributed in several Asian countries such as India, Bangladesh, Pakistan, Nepal, Sri Lanka, Myanmar and Indonesia (Smith, 1945; Burgess, 1989) . Though, this species has high market demand and sold in live condition, there is no farming of this species. The main bottleneck for farming of this species is the non-availability of seeds. In natural water bodies, females dominate over the males. Mookerjee et al. (1941) and Bhatt (1968) reported 1: 6 and 1: 2 proportions of males to females respectively in natural water bodies. Hence it may be assumed that a situation dealing with scarcity of males may stand as a barrier in commercial breeding programme and hence in turn may constraint seed production in captivity. Therefore, a study was conducted to produce male dominated populations through androgen (17a-methyl testosterone) induced sex reversal which may solve the above challenging problem and consequently can help to open a new horizon to raise the potential of H. fossilis as a candidate species for aquaculture. Haniffa et al. (2004) reported hormonal manipulation of sex in H. fossilis using 17a-methyl testosterone and 17a-ethynyl testosterone by immersion treatment.
The present study focused to determine the period that would be more sensitive in H. fossilis to the masculinising effect of the androgen, 17a-MT and to determine the mode of treatment with effective dose/doses which result in greater degree of masculinisation. In addition, growth and survival rate were also evaluated to better understand the post-treatment-effects of the steroid.
Broodfishes of H. fossilis were maintained in round cement tanks of 2 m dia, 1 m height with a water depth of 60 cm. Males and females were kept in separate tanks. Broodfishes were fed with formulated pellet feed with 33% protein. Fertilised eggs and hatchlings for the experiment were obtained by induced breeding of H. fossilis at 27±0.5°C. The inducing hormone Ovaprim (Syndel Laboratories Ltd, Canada) was injected intramuscularly just below the dorsal fin and above the lateral line during late afternoon, only to female fish (@ 2.0 ml kg -1 body weight). After 10-13 h (27±0.5 0 C) of injection, females were stripped to collect the eggs. Males were sacrificed and testes were removed for the preparation of sperm suspension in Hank's Balanced Salt Solution (Hi Media, Mumbai, India).
Stock solution of the steroid hormone 17α-methyltestosterone (Sigma, USA) was prepared by dissolving appropriate amount of the hormone in 95% ethanol. Each dose of 17a-MT in immersion as well as dietary treatment were administered to three replicates; each containing 500 nos. of fertilised eggs/3 days old hatchlings respectively.
In the short duration immersion treatment, aliquots of stock solution of 17a-MT were added to plastic troughs holding 10 l of freshwater. Compressed air was gently forced through an air stone to provide adequate oxygenation as well as mixing. Four groups of fertilised eggs (20 h after fertilisation at 27±0.5°C i.e., just before hatching) were immersed in 17a-MT solutions for 3 h at concentrations viz., 50, 100, 150 and 200 µg l -1 . In the control group, fertilised eggs were allowed to develop in pond water. The hatchlings were fed from day 3, 5 and 7 onwards for thrice a day ad libitum on Artemia nauplii, chopped Chironomous larvae and hormone free commercial shrimp starter feed respectively. Shrimp starter feed was given two times a day at the rate of 5% body weight for 90 days.
In the second experiment (long duration immersion treatment), fertilised eggs were immersed in 17a-MT solution continuously for 10 days at concentrations of 50, 100, 150 and 200 µg l -1 . In control group, the fertilised eggs were allowed to develop in pond water as done earlier. The hatchlings from this experiment were also fed in the same way and for the same duration as described in first experiment.
In the third experiment, masculinisation effect was studied through dietary administration of 17a-MT in feed at various concentrations. Experimental feeds were prepared by spraying appropriate amount of diluted stock solution over commercial shrimp starter feed. The feed for control groups was prepared by spraying 95% ethanol. After ethanol evaporation at 50°C overnight, all the feeds were packed and stored at 4°C. Three days old hatchlings were fed with the hormone treated feed at concentrations of 5, 10, 15 and 20 mg kg -1 feed, given thrice a day ad libitum for 28 days. After 28 days, the larvae were fed on hormone free commercial shrimp grower feed two times a day at the rate of 5% body weight for 90 days.
Experimental fishes from all the groups were grown in round cement tanks of 1 m dia and 0.3 m height holding water at depth of 0.25 m for a period of 4 months, so as to facilitate collection of gonad samples for histological examination to determine the sex.
Complete water exchange was done in each tank at monthly intervals and the post-treatment effect of the hormone on growth and survival was assessed and the quantity of feed adjusted. From each replicate, 25 randomly sampled fish were taken for recording the mean growth (body weight) of fish. Histological sections of the gonad samples were prepared and stained as per Humason (1972) and the slides were examined and photographed using a compound microscope fitted with camera (Nikon AFX-DX, Japan).
Histological preparations of gonadal samples from the control and treated groups were classified following Hurk et al. (1989) ; Gannam and Lovell (1991) and Piferrer et al. (1994) . Analysis of data was carried out using two way ANOVA and Student's t-test when a significant difference occurred in the treatments. Chi-square (χ 2 ) test was used to determine whether the sex ratios differed from an expected 1:1 ratio (Snedecor and Cochran, 1967) . Females and intersexes were combined into one category; so that, only fish that were observed as completely masculinised was recognised in the Chi-square test as affected by the treatment (Baker et al., 1988) . Dose standardisation of 17a-MT for induction of sex reversal was accomplished after comparing the observations on the gonadal histology of treated and control groups of H. fossilis. Histological preparations of gonadal sections from the control and treated groups were classified into four viz., Type I (normal testis), Type II (affected testis), Type III (normal ovary) and Type IV (inter-sex).
Type I (Normal testis):
Seminiferous tubules were found normal with lumen having less dense spermatozoa (Fig. 1) Type II (Affected testis): Seminiferous tubules enlarged and lumen contains more dense spermatozoa (Fig. 2 ) as compared to control groups (Fig. 1) .
Type III (Normal ovary):
Vesicles surrounded by follicle cells (Fig. 3) . Furthermore, some oocytes were also found with round nucleus containing several nucleoli. Previtellogenic oocytes had peripherally arranged nucleoli (Fig. 4. ). Synchronous development of oocytes arranged in lamellar structure, presence of primary oocytes and formation of ovarian cavity were the features of a normal ovary (Fig. 4) .
Type IV (Intersex): Spermatogonia intermingled with oocytes (Fig. 5) . Female germ cells predominated over spermatogonia in the tissue. The gonads of intersexes showed absence of advanced stage of spermatogenesis. Ovotestes showed previtellogenic oocytes at the chromatin-nucleus stage (Fig. 6) .
Evaluation of optimum dose of 17a-MT for sex reversal was determined based on the masculinisation rate obtained through different modes of treatment. Immersion treatment and oral administration of hormone through feed resulted in varying degrees of masculinisation. Fish from all control groups exhibited gonads exclusively of either Type I or Type III (normal ovary) respectively at a proportion of 46.58 and 53.42% in short term immersion, 43.71 and 56.29% in long term immersion, and at a proportion of 43.05 and 56.95% in oral administration of 17a-MT through feed. Chi-square test showed that the sex ratio did not deviate from an expected 1:1 ratio ( ; t test indicated that there was no significant difference between 50 and 100 µg l -1 indicating similar effect on masculinisation.
In dietary administration, the percentage of Type II gonad varied from 82.22 to 92.27% (Table 1 ). There was significant (p<0.01) difference among different treatments. Fish from all treated groups had Type II gonads and a low proportion (7.74-17.78%) of Type IV gonads (intersex) was also found. In groups that received 17a-MT at 20 mg kg -1 feed, 1.22% of Type III gonad was observed. In all the androgen treated groups, the proportion of Type II gonad was statistically significant (Table 1) . Highest percentage (92.27%) of Type II gonad was found in the group fed with androgen at 5 mg kg -1 feed and t-test showed that there was significant (p<0.01) difference between doses of 5 and 10 mg kg -1 feed.
17a-methyltestosterone has been found to be most effective among androgens in producing male dominated populations by sex reversal in several species of fish (Hunter and Donaldson, 1983) . In the present study, administration of 17a-MT significantly altered the sex ratio when compared to corresponding control groups by inducing sex reversal both in immersion and oral treatments, but did not induce sterility.
Both 50 and 100 µg l -1 concentrations in short term immersion were equally effective in masculinisation (p>0.05). Significant excess of males (89.86 to 97.56%) over females in H. fossilis in this experiment was similar to the masculinising effect of 17a-MT and 11ß-hydroxyandrostenedione reported by Hurk et al. (1989) in Clarias gariepinus, treated during day 28-56 after hatching at a concentration ranging from 30-300 mg l -1
. A higher percentage of males were observed by Haniffa et al. (2004) produced 82-100% males (Baker et al., 1988) which supports the present investigation.
Both 50 and 100 µg l -1 concentrations in long term immersion were equally effective in masculinisation (p>0.05) with masculinisation rate in the range of 86.60 to 92.59%. This observation was more or less similar to that of Karl Marx (2004) who reported a higher percentage of male population in C. gariepinus when 5 days old hatchlings were treated with 17a-MT for 5 days per week for 4 weeks at 100 mg l -1 concentration.
In the present investigation, oral administration of 17a-MT resulted in 82.22 to 92.27% masulinisaton in H. fossilis. Highest percentage (92.27%) of males were produced when fed with 17a-MT at 5 mg kg -1 feed. The present study also is in agreement with Hendry et al. (2000) who produced 97-100% male dominated population of Atlantic halibut (Hippoglossus hippoglossus) when the post-larvae were fed with artificial pellets supplemented with 17a-methyldihydrotestosterone at 1 and 5 ppm. Hunter and Donaldson (1983) reported that treatment with androgens have been found to induce intersexuality (hermaphroditism) in guppy, rainbow tout, chinook salmon, masu salmon, Atlantic salmon and grass carp. Present investigation revealed the presence of intesex population in varying degrees from the 17a-MT treated groups of H. fossilis. Intersex population was found at a low proportion viz., 2.44 to 10.13%, 7.41 to 13.40% and 7.74 to 17.78% in short term immersion, long term immersion and oral route of treatment respectively. Moreover, higher doses except the extreme values of 17a-MT in both long term immersion and oral routes gave comparatively higher percentage of intersex populations compared to the lower doses. Similarly, Nagy et al. (1981) observed intersex individuals (8.4 to 38.5%) in 17a-MT fed gynogenetic females of Cyprinus carpio.
Androgen administration has been reported to induce paradoxical feminisation in fishes like C. gariepinus (Hurk et al., 1989; Karl Marx, 2004) . However, in the present study, paradoxical feminisation effect of androgen was not observed which suggests that the doses and durations of treatment might not be sufficiently higher enough for inducing the feminising effect in treated H. fossilis. High degree of masculinisation in H. fossilis could be achieved either by single short term immersion around the time of hatching for 3 h at 100 mg l -1 or by long term immersion for 10 days at 50 mg l , or by oral administration of 3 days old hatchlings with 17a-MT at 5 mg kg -1 feed for 28 days. Though, 100% masculinisation was not achieved in the present study, the results demonstrated significant excess of males over the control groups following different modes of treatments. Based on the results of the present study, it may be concluded that H. fossilis is amenable for endocrine mediated sex change by androgen treatment, which may be applied at around the time of hatching by immersion and by oral administration of 17a-MT starting from day 3 post-hatch up to 28 days
